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INTRODUCTION 
Disposal of municipal wastewater on the soil has been an active 
means of waste treatment through the first part of the twentieth 
century (1). As knowledge concerning the prevalence of waterborne 
diseases in untreated sewage increased, controls had to be instituted 
on the discharge of untreated wastewater to the soil. Technological 
developments that led to the construction of Imhoff tanks, trickling 
filters, chlorinating devices and other present-day treatment methods 
reduced the reliance upon single dwelling wastewater applications to 
the soil. 
Technological developments decreased the incidence of waterborne 
disease but introduced another problem created by discharging effluent 
to a receiving stream. Eutrophication or the enrichment of water with 
nutrients followed as a result of nitrogen, phosphorus and carbon 
being discharged in treated municipal effluent (2) . ·Fish kills, 
aquatic weeds, and algae blooms became prevalent where wastewater 
was being discharged. Eutrophication led to a decline in the aesthetic 
value of water and induced the Federal government to adopt Public 
Law (PL) 92-500 . 
The requirements of PL 92-500 (3 )  implied that the discharge of 
effluent into a receiving stream would require the use of advanced 
wastewater treatment so as to prevent eutrophication of the nation's 
waters. M:l.ny communities utilize stabilization ponds as an 
acceptable mode of wastewater treatment (4). But discharge from 
stabilization ponds may meet the requirements of PL 92-500 only 
during certain periods of the year and this presents a problem to 
small rural communities of South Dakota that have limited financial 
resources. 'Ihe small towns and cities are forced into total 
containment of wastewater or construction of advanced waste treatment 
systems, both of which may be financially devastating.to the 
communities. Thus a reliable treatment method that is financially 
feasible and that produces the effluent quality required by PL 92-500 
is needed in rural South Dakota. 
Land application of stabilization pond effluent may be one 
method of meeting the standards set by PL 92-500. Investigations 
into the use of soil as a possible treatment alternative suggests 
that controlled application of wastewater will produce high-quality 
effluent (5,6,7,8,9,1 0,1 1 ). The water reclaimed from these sites 
may be used for aquifer recharge and provide a source of water for 
irrigation ( 1 2) • 
Prior to 1974 the city of Brookings indicated that the present 
mode of waste treatment would not meet the proposed standards set by 
the South Dakota Department of Environmental Protection (13) .  
Upgrading the present waste treatment facilities with land application 
was an alternative proposed to meet effluent dicharge limits. Dr. 
James N. Dornbush suggested, based on the studies of Druyvestein (1 4), 
Tiltrurn (1 5) and Sherman (1 6), that rapid infiltration-percolation 
of wastewater might meet the discharge limits, while not requiring 
2 
the large areas of additional land necessary for irrigation and 
overland flow methods of land application. 
In 1 974, the city of Brookings and the Civil Ehgineering 
Department of South Dakota State University with financial assistance 
from the Water Resources Institute of South Dakota State University 
decided to build a pilot unit in the vicinity of the Brookings 
stabilization pond. The pilot unit was to be utilized to determine 
the feasibility of rapid inf'iltration-percolation as a method of 
wastewater disposal. Construction of the pilot unit began in June, 
1 974 and was completed by August of that year. 'Ihe initial flooding 
in September, 1 974 revealed that the rapid inf'iltration-percolation 
method would reduce the nutrient load discharged into Six Mile 
Creek ( 1 3) • With financial support through a United s·ta tes 
E.1.vironmental Protection Agency research grant, the project started 
collecting data on a full-time basis in June, 1 97 5 . 
'Ihe investigations were divided into four areas. Alsaker (1 7 )  
investigated the ability of the pilot unit to comply with future 
effluent standards; Voogt (1 8 )  and Larson ( 1 9) studied inf'iltration 
rates and ground water hydraulics; and Miller (20) evaluated winter 
operating constraints. 
The objectives of the work presented herein were to determine: 
1 .  changes in nitrogen species within the wastewater resulting 
from rapid infiltration-percolation and 
3 
2 .  effects of both basin vegetative cover versus scarified 
surface and differential hydraulic loading rates on the 
nitrogen species within the effluent discharged from 
the pilot unit. 
4 
LITERATURE REVIEW 
There are three major forms of nitrogen discharged in the 
effluent of waste treatment facilities: organic nitrogen associated 
with proteinaceous material and urea, ammonia nitrogen resulting 
from the degradation of organic nitrogen, and nitrate nitrogen 
derived from nitrification of ammonia nitrogen (21 , 22 ) . 'Ihe 
predorainance of any one constituent is based on the interrelationship 
of the ecosystem via the nitrogen cycle. 
Ammonia nitrogen (ammonia-N ) is usually the predominant form 
discharged from a stabilization pond ( 4 ) . A continual breakdown 
of organic material by bacteria produces the ammonia-N. Amm.onia-N 
is then assimilated by algae, thereby converting the nitrogen back 
into organic form; however, the production and assimilation of 
ammonia-N is not on a one-to-one basis. Algae lack the ability to 
convert all of the ammonia-N produced at any instant in time to 
organic nitrogen (organic-N ) . The net result is the discharge of 
ammonia-N to a receiving stream plus that fraction which is in the 
form of organic-N, 
'Ihis discharge of ammonia-N and organic-N to a .receiving stream 
results in a continuation of the nitrogen cycle. Assuming that the 
receiving stream contains minimal amounts of nitrogen, the discharge 
of arnmonia-N disrupts the delicate ecosystem. Ammonia-N toxicity, 
based on a pH and temperature relationship, has been established 
5 
for fish (23 , 24) . 'Ihe follo wing equation demon s tra tes the 
equilibrium of the two forms of ammonia-N in wa ter: 
Basi c  pH t ends to for c e  the equilibrium to the un-ionized ammonia-N 
speci es whi ch is toxic to fish (24) .  Within th e s tabiliza tion ponds ,  
physi cal and biolo gi cal fa c tors increa s e  the p H  o f  the wa ter 
discharged in the s ummer r esulting in an increa s e  of un-ioni zed 
ammonia -N. Di s charging th e effluent could r esult in f i sh kill s ; 
therefo r e ,  fish would be th e critical organi sm us ed when es tabli shing 
an in-str eam limi tation on di s charge of a m:n.onia -N .  
Furthermo re, bio stimula tion may o c cur upon d i s charge o f  n itro g en­
laden waters to a r eceiving str eam having low conc entra tions of 
nitro g en (23) . In cr ea s ed biolo gical production i s  no t ba s ed solely 
upon the addi tion o f  nitro gen to a rec eiving s tream but in the 
pres en c e  of o th er nutri ents , an environment suitabl e fo r growth ma y  
b e  provided . 'Ihe ma in eff ect o f  bio s timula tion will b e  f el t  if 
nitro gen is the limiting fa c to r ;  in cr ea s ed growth o f  alga e would 
be th e exp ected con sequ en c e .  
Depletion of th e oxygen repres ents ano ther pro bl em when 
di s c harging ammonia -N to a rec eiving stream .  Ni trifica tion o c curs 
within th e water and r educ es th e oxygen n eed ed for adequa te 
r espira tion by various a erobic organi sms ( 23) . D epl etion of oxygen 
will also o c cur a s  a con comitant eff ect of bio stimula tion . Alg�e 
population s  begin to declin e after th e exc es s nutrients are adsorbed 
into their sys tems and the die-off a s so ciated wi th th e declin e in 
6 
population requires oxygen during decomposition of the algae. 'Ihe 
resulting effects may produce an anerobic environment within the 
stream which is not compatible to aerobic organisms. 
To prevent disruption of the aquatic ecosystem a number of 
studies have indicated that nitrogen transformation is possible 
with land application (5, 6, 7,9). 'Ihe conversion of organic to 
nitrate nitrogen on the land is similar to that in a stabilization 
pond except that nitrate nitrogen (nitrate-N ) becomes the predominate 
species. When leached to the groundwater, nitrate-N moves into an 
environment deviod of the organisms required to assimilate the 
quantities produced during nitrification. Therefore, nitrate-N is 
protected from further reduction. 
Application of suspended organic-N to the soil results in 
nitrogen removal by filtration at the surface (25). 'Ihe suspended 
organic material will be decomposed by various heterotrophic bacteria 
or will be incorporated into the humic fraction of the soil. 
Decomposition of the organic-N results in amm.onia-N and other 
by-products. Amm.onia-N, if not leached beyond the biologically active 
soil layer, will be co�verted to nitrate-N by nitrification. 
However dissolved organic-N, which is present in wastewater 
effluent, will not be removed by filtration because the removal process 
is pH dependent. Cationic forms tend to be removed by an ion exchange 
process called cation exchange. Cation exchange is usually associated 
with the clay fraction of the soil and consists of a clay particle 
�..irrounded by negative charges (26). 'Ihe dissolved organic 
7 
cations will be attracted to, and held by, the clay micelle to await 
further processes within the nitrogen cycle .  Organic components 
of the soil also po ssess a capacity to remove cationic organic 
material. 'Ihe two process es act together to remove the dissolved 
cationic forms pres ent . 
Dis solved anionic organic forms applied to the sail are not 
removed by the exchange process unless low soil pH creates the 
capacity for anion exchange ( 25) . Intimate bacterial contact is  
required for their removal or these forms will move further into the 
so il profile and eventually contaminate the aquifer. 'Ihe processes 
of removing cationic and anionic forms
.
are not compatible with 
each other .  'Ihe pH o f  the soil-water solution will dictate the 
forms removed . Relatively high pH will improve the cation exchange 
process while reducing the anionic exchange .  
Arnmonia-N adsorption and removal by the soil systems i s  
dependent upon the adsorptive capacity o f  the clay and organic 
matter present, assimilation by microbes, uptake by vegetation, 
volatilization, and fixation by clay and organic material. The 
adsorption of significant amounts of ammonia-N i s dependent upon 
soil composition (5). Sandy soil, while having high permeability, 
has a relatively low capacity for adsorption of ammonia-N (5). The 
usual design criteria of land disposal systems suggest that 
permeabili ty is  the most important factor even with low removals 
of ammonia-N (5,1 1 ) .  
8 
Soil containing large fractions of clay and organic matter 
improve the adsorption of ammonia-N . Ion iz ed ammonia-N is attracted 
to the n egatively charged clay and organic micelles and may be h eld 
in the exchangeable form.  So ils of this nature tend to use cation 
exchange as the major removal mechanism for ammonia-N. 
Adsorption of amrnonia-N tends to concentrate the ammonia-N 
within the upp er layer of the soil profile assuming that clay and 
organic matter are prevalent . The reclaimed water will reflect the 
reduced ammonia-N removed by the soil . The adsorbed ammonia-N is 
then oxidiz ed by autotrophic nitrifying bacteria to nitrate-N during 
the drying period (5) . Adequat e drying of the soil is n ecessary to 
promote the movement of oxygen into the soil. 
Long application p eriods and inadequate drying time promote 
the saturation of the cation exchange complex (7). As saturation is 
approached, reduced exchange sites cause an increase in the 
ammonia-N concentration in the effluent. The amount of wastewater 
applied to the soil and the drying time are dependent upon climatic 
factors. High summer temperatures promote increased rates of 
evapotranspiration that help dry the soil and provid e  a suitable 
environment for the autotrophic bacteria (27). As temperatures 
decline in the fall and winter months, evapotranspiration is 
reduced along with bacterial activity. To insure adequate 
nitrification of the ammonia-N and recharge of exchange sites, the 
length of application and drying time should be based on climatic 
factors . 
9 
____ _;;.i 
Microbial assimilation will convert ammonia-N present in the 
so il--wa ter to organic-N. Uptake of arnmonia-N in this manner 
effectively removes the nitrogen from the -water until the organism 
dies. The ability of microbes to remove ammonia-N is dependent 
not only upon contact, but also on the amount oI carbon present. 
Carbon in sufiicient quantiti es is necessary in the Iorma tion of 
protein and other cell constituents . Insufiicient carbon results in 
limited growth and cons equ ently reduced assimilation of ammonia-N. 
lance ( 5 ) indicates that effluent Irom treatment Iacilities would 
not supply the carbon neces sary for this process to be  very eifective 
in removing ammonia-N . 
Vegetative uptake of ammonia-N will occur in the upper soil 
layer where root s predominate . Active uptake i s  dependent upon 
-water movement by the roots .  Once amm.onia-N i s  within the plant, 
nitrogen can be effectively removed by cropping of the vegetation . 
In areas that have a short growing season, vegetative uptake would 
occur during a three-to four-month period and not throughout the 
entire year. But the proces s of vegetative uptake may r emove only 
five p ercent of the nitrogen applied in an area that would provide 
a continual growing season (5). 
Arnmonia-N removal by volatilization requir es a pH gr eater than 
7 .  As the pH shifts above 7, the equilibrium t ends to favor the 
formation of un-ioniz ed ammonia-N which is the gas eous form and can 
be lost through volatilization. Two factors reduce the eff ectiveness 
of this method as  a removal mechanism in soil systems . First, 
10 
11 
considerabl e air-water contact, not normally provided in soil systems, 
is required to volatiliz e arnmonia-N ( 5 ) . Second, bacterial activity 
within the soil profile tends to reduce the pH of the so il water 
shifting the equilibrium to ioniz ed ammonia-N which will not 
volatiliz e  (5 ) . 
Ammonia-N removed by adsorption and not oxidiz ed to nitrate-N 
may be fixed within the clay lattice (27 ) . ·Fixation essentially 
removes ammonia-N from further participation in the nitrogen cycle. 
The amount of ammonia-N fixed is dependent upon the type of clay 
present in th e so il. Vermiculite will fix ammonia-N in moist soils 
while other forms such as montmorillonite will not fix ammonia-N ( 5 ) .  
Fixation in a non exchangeable form, al though removing nitrogen_; is 
limited in application since fixation is dependent upon a particular 
type of clay ( 5) . 
Regardless of the removal mechanism, considerable ammonia-N and 
organic-N eventually are converted to nitrate-N in a soil system 
( 5 , 6, 7 , 8 , 9 , 1 0 ) . Nitrate-N formed from nitrification may be  used by 
microorganisms, used by higher plants, lost in drainage, or escape 
through denitrification as gaseous nitrogen ( 26 ) . Nitrate-N removal 
by plants and microorganisms is dependent upon the ability of the soil 
to retain the nitrate-N produced in the upper soil layers. Short 
continual application of wastewater may move nitrate-N well beyond the 
bacterial and root zone. Movement beyond th e biologically active 
layer would result in increased concentrations of ni tra te-N in the 
aquifer below wastewater infiltration basins. 
The most desirable nitrate-N removal mechanism is one by which 
nitrogen is transformed into a relatively stable form that will not 
contaminate ground water or contribute to eutrophication (2 ) . 
Biological denitrification and chemical reduction convert nitrate-N 
to nitrogen gas (26,2). Chemical reduction, although not 
investigated as a removal process within infiltration ·systems, may 
convert considerable quantities of nitrate-N to nitrogen gas or 
nitrous oxide (2). The removal process is dependent upon low soil 
pH along with large applications of ammonia-N (26). 
Biological denitrification has been suggested as the most 
reliable method of removing excess nitrate-N (5). The conversion 
to nitrogen gas requires a soil atmosphere essentially devoid of 
molecuJ.ar oxygen. This condition may occur under· two different soil 
environments in an infiltration-percolation basin. As the nitrate-N 
concentration increases during the drying period, diffusion to 
anaerobic microenvironments may occur in well-drained soils. 
The anaerobic microenvironment occurs �s the resuJ.t of biological 
activity consuming oxygen within the soil profile. Anaerobic 
microenvironments may occur in small soil pores filled with water 
in the rhizosphere of the plant root, in the vicinity of decomposing 
organic matter and within the interior of soil aggregates (28, 2 ) . 
Soils that are fully saturated with water impede the diffusion of 
oxygen within the profile. As water moves through the soil profile, 
oxygen trapped in the soil micropores is reduced by aerobic 
biological activity until general anaerobic conditions occur. 
12 
Bacteria such as Jhiobacillus denitrificans or Micrococcus 
denitrificans utilize nitrate-N as a substitute for molecular 
oxygen in conventional metabolism (2) • . Lance (5) reported 
that up to 20 percent of the nitrogen is lost to the atmosphere by 
this method in infiltration-percolation systems. 
Requirements other than anaerobic conditions are necessary for 
optimum denitrification. Temperature, soil pH, and a carbon source 
are necessary for rapid nitrate-N reductions (2). The carbon source 
needed for denitrification usually is not present in sufficient 
13 
quantities in stabilization pond effluent. Methanol and sludge have 
been suggested as possible sources of carbon (5 , 7) . The role of carbon 
in the denitrification process is not precisely understood (29). 
Recess carbon, introduced by low-nitrogen high-carbohydrate material, 
may result in temporary anaerobiosis brought about by the oxidation 
of carbohydrates or temporary accumulations of intermediates in 
glycolysis (29). 
Soil pH and temperature dramatically affect the environment of 
0 
anaerobic organisms. Temperatures above 25 C usually promote 
denitrification while temperatures of 2°c or less result in complete 
cessation of the process (2) . Soii pH near neutral or slightly 
alkaline tends to promote denitrification (26). 
The complex cycle of amrnonification, nitrification and 
denitrification is summarized in Figure 1. Nitrogen, in any form, is 
applied to the soil and water and converted by various processes to 
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the end products of aerobic or anaerobic metabolic activity. The 
net effect is production of nitrate-N which may leach into the 
soil or be removed by denitrification to nitrogen gas. 
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METHODS AND 1-1..A TERIALS 
Method of Construction 
The site for the infiltration-percolation pilot unit was selected 
from available land near the stabilization pond with consideration 
given to conditions of the area . Soil borings at the site  revealed 
that the area was underlain with saturated sand and gravel at a depth 
of about four f eet (30) . 'Ihe soil in the area is classified a s  
Lamoure silty clay loam . A description of the so il is provided in 
Appendix A. The location of the pilot unit with r espect to major 
topographical features in west Brookings is shown in Figure 2. 
Construction of the pilot unit, consisting of three basins, 
began in June of 1 974 and was completed by August of that year.  
Relevant construction data are adequately presented by Voogt (1 8) ,  
Alsaker (1 7) , Dornbush (30 , 31) and Miller (20). The basic 
construction features of the pilot units are indicated in Figure J. 
Method of Operation 
w�stewater was collected in a funnel attached to the discharge 
weir of the stabilization pond and transported to the pilot unit 
through an eight-inch irrigation pipe . At the basins, the effluent 
was discharged to the individual units (Figure J ) .  Wastewater 
percolating through the so il profile was collected in the four-inch 
underdrains which flow to a sampling box where individual samples 
were obtained. 
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Figure 2.  Overview of area· showing s ewage treatment plant, stabilization 
ponds, pilot unit, and Six-Mile Creek, Brookings. South D9.kota (20) 
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Figure 3. Pilot infiltration-percolation b:tsins, showing earth dikes, basin surface 
areas, sampling box, and surface conditions (2 0). 
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00. 
Sequential flooding of the south, middle and north basins was 
used throughout the two-year period of study. Cyclic application 
of wastewater, flooding on one day and recovering for six days, was 
used to promote soil aeration. .An effluent application of 61 
centimeters (24 inches ) was applied to the middle and south basins· 
and 45 centimeters ( 1 8 inches ) to the north basin. 'Ih'ese 
applications allowed comparison of hydraulic loading rates and the 
effects of basin vegetative cover on the nitrogen species in the 
effluent. 
Sampling Procedure--Tile Drains 
Construction of a sampling box below the soil surface allowed 
access to the underdrains from the three basins and the perimeter 
drain. Water discharging into the sampling box from the underdrains 
was removed by gravity through a drain line to Six Mile Creek. 
Initial flooding in 1975 revealed that the drain line had 
insuf'ficient hydraulic capacity to remove the water collecting in 
the sample box. Consequently, water rose in the sampling box 
submerging the underdrains. 
Collecting a discrete sample from the submerged drain was 
accomplished by inserting a hose into the underdraLn and pumping 
the sample into a container. This method may not have achieved a 
completely representative sample from the drain because of backflow 
from the sampling box. In order to obtain a representative sample, 
sump pu.mps were installed on August 20, 1975 to remove excess
 water. 
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Thi s method was succes sful in expo sing the underdrains, and samples 
were collected by free fall thus insuring a repres entative sample. 
Individual grab samples of stabilization pond effluent were 
collected when each basin was flooded. Flow variation was assumed 
to be negligible and equal amounts of effluent were compos ited from 
the three grab samples to fo rm the influent composite sample. 
Samples from the underdrains were collected upon initiation of 
flow and approximately every four hours thereafter. Usually three  
to  five individual samples were obtained from each basin. These 
samples were compo sited on an equal amount ba sis and designated as 
north, middle and south compo site. 
After compositing was completed, the individual compos ites were 
divided into two fractions, one wa s filtered with a 0 . 45 micron 
filter and th e other was not filtered. Each was stored at 4°c to 
prevent physical and bacterial decompo sition. 
Sampling Procedure--Suction Lysimeter 
Suction lysimeters were utiliz ed in obtaining discrete water 
samples from the soil profile in the three basins. In ord er to 
minimiz e the effects of different soil types on the components being 
sampled, the units were placed in an area of 900 square centimeters . 
Lysimet er plac ement at 3 1 0  30 and 1 00 centimeter depths was used . ' ' 
in determining the movement of individual constituents through the 
soil profile. 
A suction lysimeter consists of a plastic tube, seale
d at the 
bottom with a porous cup. The top of the unit is sto
ppered 
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with a rubber plug to allow access into the lysimeter for sampling 
by means of a vacuum tube. 'Ihe unit was placed vertically in th6 
soil and a vacuum was applied to draw a sample through the ceramic 
cup. The samples obtained in this manner were considered filtered 
due to the small pore siz e of the ceramic cup. All samples were 
placed directly into a 4°c chamber prior to analysis. -
Method of Analysis 
Automatic methods employing a Technicon Auto Analyz er were used 
to measure total kjeldahl (32,33), ammonia-N (32,34) and nitrate-N 
(32,35) of the individual and compo site samples . Organic-N 
concentrations were determined by subtracting the anrrnonia-N from 
total kjeldahl nitrogen . 'Ihe methods used on the Auto Analyz er 
were approved by personnel of the United States Ehvironmental 
Protection Agency, Kerr Laboratories, Ada , Oklahoma. 
Biochemical oxygen demand, suspended solids, pH and specific 
conductance were measured according to Standard Methods (36). 
'.Ihe duplicate dilution method was utiliz ed for the BOD test with a 
five-day incubation period at 20°c. Susp ended solids were determined 
by filtering an aliquot through a glass fiber filter and drying the 
filter at 103°c. The glass fiber filter was cooled in a desiccator 
and weighed. d t 25°c d. t Specific conductance was measure a accor ing o 
Standard Methods. The pH determinations were made on a Fisher 
Accumet pH meter. 
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RESULTS AND DISCUSSION 
Effects of Rapid Infiltration-Percolation on the Nitrogen Cycle 
Data for the infiltration-percolation study were compiled for 
two seasons beginning June 1 1 , 1 975  and ending November 22, 1976.  
Continuity of data was interrupted due to severe winter operating 
conditions in 1 975  ( 20 ) . Therefore, the data were divided into two 
periods separated by a winter shutdown. The results of the 
individual analyses for 1 975 and 1 976 are presented in Appendices B 
and C. Appendices B and C are summarized in Table 1 and show 
maximum, minimum, median and mean concentration of the parameters 
measured for 1 975 and 1 976 . 
Numerous investigations occurred simultaneously with this study. 
'Ihese dealt with the hydraulic characteristics, effluent quality, 
and winter operating aspects of infiltration-percolation. However, 
in this portion of the study the changes in wastewater quality 
within the nitrogen cycle as a result of infiltration-percolation 
were evaluated. 'Ihe major objectives were to determine: a ) changes 
of nitrogen species resulting from infiltration-percolation, b) 
effects of basin vegetative cover on the nitrogen cycle, and c ) 
effects of differential hydraulic loading rates on the nitrogen 
cycle. 
The basin vegetative cover was substantially altered between 
1 975 and 1 976 . This change was due to winter kill of alfalfa in 
the middle basin during the winter of 1 975-1 976 . The winter kill 
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Iable 1 
Summary of Nitrogen ts ta 
Pilot Infiltration - Percolation Bas:ins 
Brookings, S::mth rskota 
June 11-December 16, 1975 and 1-ny 26-November 22, 
1975 
CQnQentratlQ� - mgQ. 
Rumber �ber 
of of 
Detemination Samples Max. Min, M.:;.:iian Mean Samples 
Ammonia Nitrogen 
Influent 25 33.70 0.84 7.62 10.48 26 
N-Effluent 25 11.25 0.14 2.60 3,59 Z1 
M-Effluent 25 9 , 63 0,29 2 • .38 3.29 26 
S-Effluent 25 8.18 0.09 1.'32 2.30 Z1 
Drain Tile 4 0.21 0.07 o. 13 0.14 21 
Organic Nitrogen 
Influent 21 11.62 1.13 3.80 4,48 26 
N-Ef'fluent 21 3, 13 0.03 1.40 1.48 Z1 
M-Effluent 20 4 , 58 0.17 1.32 1.89 26 
S-Effluent 19 2.72 o .56 1.15 1.29 Z1 
Drain Tile 3 0.79 0.62 o.67 o.69 20 
Nitrate Nitrogen 
Influent 25 13.30 0.02 1.05 1.41 27 
N-Effluent 25 1:3.90 1 .. 00 8.70 8.77 27 
M-Effluent 25 16.10 1.50 6.50 7,73 27 
S-Effluent 25 25. 40 3.10 13,40 11.10 27 
Drain Tile 5 13. 00 4,98 8,00 8.79 21 
Kjeldahl Nitrogen 
12.52 Influent 21 36.13 4,90 11.20 27 
N-Effluent 21 12.23 1.40 3,03 3.98 27 
M-Effluent 21 8 . 90 1 .45 J.49 4,37 27 
S-Effluent 21 5. 71 1.14 2.08 2.76 27 
Drain Tile 5 0.89 0.74 o.86 0.84 21 
Tot.al l!i troger. 
6.70 12.95 14.09 Z7 Ir.:'luent 21 J(,.L2 
N-E:fluent 21 27.90 4.4£, 14.05 13.01 27 
M-Effluent 21 22.87 4,58 8.85 1·1.65 27 
S-Effluent 21 31 ,45 4.58 14.99 13.80 27 
Drain Tile 21 
1976 
1976 
CQncentration - mg/l 
Max. Min . Median 
18.76 0.85 5,50 
3, 15 0.08 1.27 
5,45 0.13 o.83 
1.84 0.22 0.58 
o.86 o.oo 0.13 
6,30 0,63 3,63 
2.94 0.05 1.21 
3,00 O.Z7 1.36 
1.76 0.12 0.71 
1.77 0,18 o.68 
1.32 0.07 0.62 
19.60 0.50 3.90 
19.50 2.30 6.80 
25.00 2.80 7 , 50 
15.40 1.00 4.60 
20.70 2.78 9.80 
5,30 1 .25 2.21 
7.60 1.12 2,35 
2.13 0.78 1.31 
2.15 0.51 0.92 
21. 55 3.31 12.71 
22.12 1.88 6.50 
21. 70 3.62 10.65 
26 . 37 3,94 8.86 
15.91 1.8 8 5 , 30 
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Mean 
7 • .30 
1.41 
1.46 
o.65 
0.21 
3,35 
1.16 
1 • .38 
0,93 
0,77 
0.59 
5.81 
6.96 
9,94 
5,27 
10,35 
2.58 
2.79 
1.36 
1.08 
10.93 
8.40 
9,75 
11.04 
6.19 
probably resulted from high soil moisture within the root zone  when 
the soil froz e .  Ice formation may have disrupted th e cells within 
the root causing the death of the plant. At the beginning of 1 976, 
the introduction of a productive pasture species in place of alfalfa 
did not seem feasible . Therefore, natural s election of a plant 
speci es along with the surviving brome grass provided ·cover for the 
middle basin • 
.Ammonia Nitrogen . The discharge of ammonia-N to a receiving 
stream may be prevented by applying the wastewater directly 
to the soil . Table 1 and Appendices B and C present data to 
demonstrate the influent ammonia-N concentration and the process of 
arnmonia-N removal by a soil system . Influent concentrations of 
ammonia-N averaged 1 0 . 48 mg/l and 7 . 30 mg/l for the two yearly 
periods. The wide  variation of 0 .84 mg/l to 33 . 70 mg/l of applied 
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ammonia-N was probably due to variations in effici ency of the trickling 
filter plant and the stabilization pond . 
From Table 1 it can be  seen that ammonia-N removals were 
highest in the south basin in both 1 975 and 1 976.  Not only were the 
middle and north basins less efficient in removing ammonia-N,.. but also 
demonstrated a larger range of effluent concentrations. 
The mechanism by which applied ammonia-N was removed cannot 
readily be determined from the pilot study. Most of the removal 
probably occurred by adsorption of the ammonia-N to the clay and 
organic fractions and their subsequent oxidation to nit
rate-1 
d · 1 The pi"lot unit soil is classifi ed as uring the drying eye e. 
L�moure silty clay loam which consists predominately oI silt, but 
also contains clay which provides adsorption sites for the ammonia-N . 
Additionally, small amounts of ammonia-N were probably r emoved by 
plants and immobilization by microbial action. 
Organic Nitrogen. Organic-N is contain ed in suspended and 
di ssolved organic fractions (25). 'Ihe removal process is dependent 
upon filtration by the soil and adsorption by the cation exchange 
complex ( 25 ) . Table 1 reveals that organic-N accounts for a 
considerable fraction of the total nitrogen appli ed to the soil. 
The average concentration applied for 1 975  and 1 976 represents 27 
percent and 30 percent, respectively, of the total nitrogen applied . 
The range of influent and effluent organic-N i s  indicated in 
Table 1 • The variation in influent organic-N was dependent upon 
environmental factors which influence the degree of treatment the 
wastewater receives in the stabilization pond. Relatively low 
cone en tra tions were found in the summer p eriod when treatment 
efficiency increa sed and high concentrations in the lat e  spring and 
fall months when efficienci es were reduced becaus e of low ambient 
air temperatures. 
Average effluent concentrations indicate that the south basin 
consistently r emoved more organic-N than the north or middle basins 
( Table 1 ) .  Also, the south basin tended to show less fluctuation in 
concentration than the other two which may have been induced by 
diff erent soil types . 
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Ni tra te Nitrogen . Ammonia -N and organi c-N r emoved in th e soil 
a r e  transformed wi thin th e profile to nitra t e-N .  Mean effluen t 
conc entra tions of ni trate-N exc eeded th e mean influent con c en tra tion 
by mo re than s ix time s (Table 1 ) . 'Iher efor e ,  th e quan ti ti es of 
influent n i tra te-N, usually less than two mg/l throughout the year, 
wer e no t r e spon s ibl e for the high nitra te-N l ev els in ·th e  effluent 
sampl es . 
Effluent ni tra te-N conc entra tions establi sh ed a pa ttern whi ch 
i s  fa irly c on s i s ten t  wi th the ba sin ' s abili ty to r emov e o rganic -N 
and ammonia -N . 'Ihe south ba s in r emov ed the mo s t  o rgan i c -N and 
ammonia-N and produc ed th e high est avera ge c on c entration o f  
nitra te-N f o r  1 975  and 1 976.  The north and middle ba s in s  reflec ted 
a lower output of nitra te-N indi ca ting a reduc ed abili ty to remove 
ammonia-N and o rganic-N . 
To tal Ni trogen . To tal n i trogen is the sum of ammonia -N, 
organ ic -N and ni tra te-N . Con c entrations indica ted in Appendi c es B 
and C and Figur es 4 and 5 are no t a balan c e  of all of th e nitrogen 
forms appli ed but of tho s e  con s tituents mea sur ed during the pilo t 
s tudy .  
Figur es 4 and 5 r epre s ent a comparison o f  th e to tal n i tro gen 
for th e effluen t and influen ts for the middl e and south ba s ins in 
1 976 . Th e ma j o r  forms presen t  in the influent are ammonia-N and 
organic -N , while n i trate-N was predominant in th e eff
luen t, followed 
by ammonia -N and organic-N . 
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Compari son of Figures 4 and 5 indicates two major effects 
that were not obvious when cons ider ing ni tro gen forms s eparately. 
Climatic eff ects and the pres enc e of a non-disturbed vegetativ e 
surface may affect the concentration of total nitrogen discharged 
from the pilot uni t . In 1 976, during the period of study, the south 
basin discharged more to tal n i trogen than was appl i ed to the basin 
surface. Influent conc entra tion of arnmonia -N during June tended to 
increa se  and then was  followed by a rapid d ecline in concentration to 
July 20 , 1 976 . Th e  arnmonia-N and organic-N necessary for the 
immediate production of nitrate-N was available only in subs tantially 
r educ ed conc en tra tions b etween July 20 and mid September. Howev er, 
the conc entra tion of ni tra te-N in the effluent during the same 
p eriod was considerably higher than the amo1IDt of applied nitrogen .  
The inc r ea s ed produc tion of ni tra t e-N during the M:3.y through 
S eptemb er period could hav e been the r esul t of storage of arnmonia-N 
and o rgani c -N . Applica tions of wa stewa ter from December, 1 975 
through the s econd week in January , 1 976 plus the single application 
on April 4, 1 976 may hav e r e sulted in the accumulation of amrnonia-N 
and organi c -r in the soil profil e . Mon i toring the effluent discharge 
from the p ilo t un i t  during April 4, 1 976 indi cated a stora ge of 
ammonia -N without the p roduc tion of large amoun ts of ni tra t e-N 
(App endix C ) . If n i trifi ca tion had taken pla c e  in the interim 
b etween January and April of 1 976 , the conc entra tion of ni tra t e-N 
di s charged should hav e been cons i d erably high er due to pri o r  
application o f  ammonia -N and organi c-N . The r esulting effect would 
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b e  sto ra g e  of the arnrnon ia-N and o rgani c-N until environmental 
fa c tors such a s  temp erature would be conduciv e  to ba c t erial 
dev elopment . 
Reduc tion of the effluent ni tra te-N di s charged to th e aquif er 
or r e c e iv ing s tr eam would r educ e to tal nitro gen d i s cha rg ed from th e 
p ilo t uni t .  Undi s turb ed soil o r  un interrup ted plan t · growth s eems 
to caus e a r educ tion in n i trate-N di s charg ed from th e pilo t uni t .  
Figur e  5 ind i ca tes tha t the to tal n i tro gen con c en tra tion s o f  the 
effluen t from th e middle ba s in wer e lower than th e influen t  total 
nitro gen .  Plant growth during the early sprin g  and summer months 
would r equir e  n i trogen and th e mo s t  available form would be soluble 
nitra te-N wi thin the soil profile . Th e  d emand for ava ilabl e 
nitrogen by plants may hav e caused the r educ t ion of ni tra te-N no t ed 
for the Jun e  p eriod in 1 976 . 
Ni trogen Tran sforma tion 
A maj o r  obj ectiv e of applying wa s tewa t er to a so il sys t em is to 
achiev e  n i trifica tion by oxidiz ing ammonia-N and o rgani c-N to 
nitrate-N . Th e  ma j or obj ectiv e of th e p ilo t s tudy was to show that 
nitr ifi ca tion would occur wi thin the so il sys t em  b eing utiliz ed 
for rap id infiltra tion-p ercola tion . Figur e  6 wa s  p r epar ed to 
illu s tra te the r elativ e amounts and forms of inlluent and effluent 
ni tro gen for 1 976 . S imilar figures would r esult from th e 1 975 da ta 
(App endix B ) . 
Th e rnaj or sp ec i e s  of nitrogen pre s ent in t
he influent fo r 1
.
975 
and 1 976 wa s  ammonia-N followed by o rgani c-N and ni tra te-N . Af t er 
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Figure 6. Rela tiv e abundanc e o.f nitro gen i:a wa s·tewa ter sample s  
1 976 . 
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appli ca tion to th e soil system, nitra te-N became the predominant 
form in the effluent from all ba sins . Residual ammonia -N and 
o rgani c-N pre s ent in the effluent of ea ch basin r epre s en t  a fraction 
tha t wa s  not r emov ed by filtra tion or cation exchang e  wi thin the 
soil profile .  
Th e  p erc entage o f  organi c-N and ammonia-N in the effluent may 
chang e a s  a r e sult of incr ea s ed depth to the underdrain s . During 
1 975 and 1 976 the d epth to the underdra ins was 76 c entimeters 
( 30 inches ) and by incr ea s ing the d epth to the underdrains, Turther 
soil-wa t er intera c tion would result along wi th incr ea s ed a era tion 
of th e soil profil e .  'Ih e  addi tional dep th may cau s e  a r educ tion in 
the p erc entage of organic-N and ammonia-N whil e inc r eas ing the 
p erc entage of nitra te-N . 
Th e appli ca tion cycle of wastewa ter followed during the two-year 
p eriod ( on e day flooding and six days drying ) pro duc ed th e 
tran sforma tion e s tabli shed in Figure 6 .  Other r e s ea rch reports (6 ) , 
(7 )  indi ca t ed tha t the pr edominance of ni tra te-N would be the 
exp ected cons equenc e of short inunda tion p eriods . Longer appli ca tion 
p eriods could be exp ec ted to result in denitr ification and 
subs equent r emoval of ni trate-N . Deni trifica tion would r educ e the 
p er c entage of ni tra te-N rela tive to th e ammonia-N and organi c-l'J in 
th e effluent of th e pilot unit . 
Th e us e of p erc entages to determin e the suc c es s  of the 
infiltra tion-p ercola tion system in th e conv ersion pro c e s s  would no t 
b e  appropria te if den i trifica tion was pr eval en t  wi thin th e soil 
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profil e �  I n  analyz ing th e abili ty o f  th e conv ersion pro c e s s ,  a 
to tal nitro gen balanc e  would more a c cura tely reflect the true na ture 
of th e sys tem being inv estiga ted . During th e 1 976 s ix-month s tudy 
period,  th e to tal nitrogen av eraged 1 0 . 9 mg/l in the influent .  The 
effluen t conc entrations during th e same p eriod were 8 . 4, 9 . 8 and 
1 1 . 0 mg/l from the south , middle and north ba sin s . Cons equently, 
if d eni trifica tion o c curred , it VJa S no t of suffici ent magnitud e to 
a c compli sh subs tantial nitro gen removals . 
Winter Opera tion , 1975 
Op era tion of the pilo t unit during the winter month s is a ma j or 
fa c tor in determining if rapid infiltra tion-percolati on would b e  an 
a c c ep table method of wa steVJater tr eatment in South Dako ta .  Ins ight 
into win ter op era tions of the pilot uni t VJaS illu s tra t ed from 
Nov ember 20 , 1 975 through the end of th e sampling p eriod on Dec ember 
1 6, 1 975 . A bliz zard on Nov emb er 20 depo s i ted snow wi thin th e 
ba sin s and reduc ed influent wasteVJa t er temp era tur es to 0 . 6° c  
(App endix D ) . Th e appli ed wa stewa ter formed an i c e  lay er eight 
to ten c en timeters thi c k  within the ba s ins . The soil during thi s 
p eriod reta in ed the infiltrative c�pa city n ec e s sary to r emove the 
appli ed wa s tewa t er ( 20 ) . 
The i c e cov er formed during the bliz zard wa s  thought to provid e 
an insula ting cov er for th e ba sins when ambi ent air temp eratur es 
wer e below o0c . The insulating cover formed by th e i c e  would reduc e 
h eat transfer from the soil a s  well a s  from the appli ed influent, 
thus prev en ting the soil from freez ing during th e drying p eriod . 
33 
While insulating the basin surfaces from ambi ent a ir temperatures,  
the ice cover may also reduce atmo spheric a eration of the soil 
within the basins . Aeration or the movement of oxygen into the soil 
would be nec es sary in order to maintain nitrification within the 
soil profile . The amount of nitrate-N produced (8  to 1 6  mg/l ) 
during the Dec ember period suggests tha t adequate a eration wa s  
occurring within the soil profile . 
The low ambi ent air temperatures in Dec ember s eemed to have 
little eff ect on nitrification ( Figure 7 ) . Temp eratures below 
-20°c with an average maximum of -3 . 6°c and an average minimum of 
-1 2. 9°c o ccurred through the three-week period (Appendix E) . Because 
temperatures below o0c will result in very low l evel s  of microbial 
activity, nitrification essentially would not take pla c e  at the 
ambi ent air temp eratures indicated during the Dec ember period ( 2 ) . 
Therefore, the insulating effect of the ice  cover must  protect the 
soil within the basins  thereby providing an environment suitable 
for nitrification . 
Influent temp eratures in Dec ember averaged 1 . 1 °c (Appendix D) . 
These influent  temperatures would not be expected to support the 
nitrification nec essary for the high levels of nitrate-N indicated 
for the Dec ember period (Figure 7 ) .  The quantiti es  of nitrate-N 
produc ed in December suggest that factors other than favorable 
temperature must ac count for the rate of nitrate-N production . 
Robeck et,. al . (37 )  and Schwartz (38 ) indicated that obtaining 
biological maturity within the soil system prior to the ons et of 
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the cold s ea son is  nec essary for adequate biological activity.  
Biological maturity i s  obtained by prior appli ca tions of  amrnonia-N 
when environmental fac tors are not adverse to biological systems (38 ) . 
Onc e  biological maturity is  obtained the population of nitrif ers 
would be  large . large biologically mature populations within the 
soil profile may account for the production of considerable 
nitrate-N in Dec ember of 1 975 . 
Suc tion Lysimeter Data ,  1 976 
Suc tion lysimeters were used tc monitor the movement of ammonia-N 
organic-N and nitrate-N wi thin the soil profile .  The data were 
compiled over an 1 1 -week period beginning August 3 and ending 
October 1 3 , 1 976 . The analytical data developed from the samples 
removed from the suction lysimeters are presented in Appendix F. The 
mean values for the 1 1 -week period were used to illus trate  the 
conc entration a t  various depths within th e pilot uni t . 
Ammonia Nitrogen . Movement of ammonia-N within the soil profile 
is indi cated in Figure 8. The maj or reduc tion of ammonia-N occurred 
at  the three-c entimeter depth . Average conc entrations for the 
1 1 -week period indicate that 90%, 63% and 72% of the ammonia-N were 
removed from the north, middle and south ba sins resp ec tively at  the 
three-c entimeter depth (Appendix F) . Further into the soil profile 
the ammonia-N con c entration remains rela tively constant with a slight 
increa se  at the 1 00-c entimeter depth for all basins . 
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Organi c  Nitrogen . Organi c -N con c entra ti on s  in the so il profile 
were a s sumed to r epres ent the di ssolved fra c tion of organi c -N 
sin c e  th e small pores of the suc tion lys imeter precluded th e movement 
of suspended o rganic -N into the sampling d evi c e . Slight diff erenc e s  
i n  r emoval chara c teri sti c s  between the thr ee ba sins were r ev ea l ed 
( Figure 9 ) . The middl e ba s in was more suc c es sful in removing 
organi c-N than the north or south ba s in a t  the thr ee-c entimeter 
d ep th . The largest fra c tion of organic -N r emov ed wa s  a t  th e thr ee­
c entimeter depth and a s  the depth increa s ed addi tiona l  r emovals were 
minimal . Increa s ed a c tivi ty of th e ca tion exchang e  c ompl ex n ear the 
soil surfa c e  and filtra tion by the soil ma trix may b e  r e spon sibl e for 
the removal of organi c -N a t  th e thr ee-c entimeter dep th . 
Furth er into th e soil profil e there wa s  an increa s e  in th e 
organi c-N c onten t  for the north and middle bas in s  (Figur e 9 ) . The 
increa s e  rea ch ed an ap ex a t  the JO-c en timeter d ep th wi th the north 
showing the largest conc entra tion . Th e incr ea s e  in c onc entra tion may 
hav e been due to more porous so ils locat ed a t  the surfa c e  of the 
middl e and north ba s in s ,  allowing organic -N to p en etra te further into 
th e soil profiJB • 
The south ba sin indi cates a slightly diff erent pat tern of r emoval 
wh en compared to th e middl e and north bas ins (Figur e 9 ) . Es s en tially, 
the conc entra tion wa s  the same for the three-and ten-c entimeter 
depths . From the ten-c entimeter depth to the J O-c entimeter lev el 
a d eclin e in c onc en tra tion o c curr ed with li ttle a ddi tional change 
no ted a t  th e 1 00-c entimeter depth . Soil conditions Wi thin the south 
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ba s in may hold o rganic -N a t  th e three-and t en-c entimet er d epth s  
subj ecting the susp ended and di s solved organ i c -N t o  mineraliza tion . 
N i tra te Nitrogen . The largest frac tion of o rgan i c -N and 
ammon ia -N r emoved wa s  wi thin thr ee-c entimeters of th e so il surface.  
Con s equ ently, nitra t e-N produc tion should be gr ea te s t  a t  th e 
three-c entimet er d epth providing that a era tion r equir ements would 
be met due to the drying of the so il surfa c e  b etween wa s tewa ter 
applica tion s .  Figur e 1 0  indica te s  the avera ge n itra te-N c onc en tra tions 
within the so il p rofil e  for th e three ba s ins . Diff eren c es in th e 
n i tra t e-N profil e s  exi s t  in tha t the nitra te-N p ea k  i s  r ea ched a t  
different d ep ths , for exampl e ,  thr ee c entimeters i n  the north ba s in 
and t en c entimeters in the middle bas in . The diff eren c e in 
movement of ni tra te-N may be rela ted to th e hydrauli c  appl i ca tion s of 
wa s tewa t er . In crea s ed hydraulic applica tion tends to move n i tra te-N 
further into the so il profil e  ( 39 ) . The middl e ba s in rec eived 61 
c entimet ers ( 24 inches ) of wa s tewa t er as compared to 45 c entimeters 
( 1 8 in ch es ) fo r the north ba s in ; cons equently, the rat e  of movement 
would be gr ea ter in the middl e  ba sin than in th e north ba s in .  
T'.� e south ba s in reveals a different pa ttern of nitra t e-N 
produc tion ( Figure 1 0 ) .  Ni tra te-N tha t should have b een produc ed 
during prev ious drying p eriod s i s  not indi cated a s  in the middle o� 
north ba s in s . Th e r ea son fo r th e different ni tra t e-N profile for 
the south ba s in is unknown. A po s sibility is tha t the diff erent profile 
might be a s so c ia ted with sampling proc edure and flooding s equen c e  of 
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the basin s .  Beccaus e  the south basin was flooded first, ni  trate-N 
may have been flushed beyound the profile that was sampled before the 
vacuum was applied to the suction lysimeters. 
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S TATIS TICAL EVALUATION OF THE DATA 
Paired t Test 
The paired 1 test ( 40 )  was utiliz ed to determine bo th the effects 
of vegetative cover versus scarified surfaces  and the effects of 
differential hydraulic loading rates on the nitrogen cycle .  A 
comparison of the effluent quality of the middle basin ver sus the south 
basin would indicate the differences produced a s  a result of a 
vegetative surface  versus a scarifi ed surface .  Th e  effluent of  the 
north basin wa s  compared with that of the south basin to determine if 
hydraulic  loading rates , 45 centimeters ( 1 8 inches ) and 61 c entimeters 
( 24 inches ) resp ectively, would induce changes in the n itrogen 
species between the effluents . 
Interpretation of the difference in effluent quality between the 
south and middle basins is  based on the a ssumption of scarified versus 
non-scarified so ils . The differenc e suggests , without qualification, 
that the soil on the south basin lacked a vegetative cover, while a 
vegetative cover existed on the middle basin . The weed-free as sumption 
is  not corr ect sinc e no attempts were made to ma intain a weed-free 
condition in the south bas in after :Lnitial treatments in M3.y of 1 975  
and 1 976 . The differences between the south and middle ba sins , 
therefore, may only be attributed to the typ e  of vegeta tive cover and 
to the ini tial scarifying that reduc ed the growth rate  of plan ts in 
the south basin . 
The results of the paired .i test ( Table 2 )  indica.te that there 
were significant diff erences in effluent quality between the north 
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Tabl e 2 
Paired t test for comparing the quality of the renova ted 
water from the pilo t infiltration-p ercolation basins . 
Parameter Comparison d . f .  .t. 
AJn:rnonia South and 
Nitrogen North Basins . 1 975 24 3 • 9J�H} 
South and 
North Basins · 1 976 26 5 . 01 �rn 
South and 
Middle Basins 1 975 24 4. 94�-� 
South and 
Middle Basins 1 976 26 3 . 03+-�t 
Nitrate 
Nitrogen South and 
North Basins 1 97 5  24 3 .  64*�} 
South and 
North Pasins 1 976  26 7 . 91 ** 
South and 
Middle Ba sins 1 975  24 4 . 1 6���
-
South and 
Middle Ba sins  1 976 26 4 .  23�
��-
0:;:-ganic South and 
Nitrogen North Ba sins 1 975 1 8  2 . 1 0
* 
South and 
North Basins 1 976 26 4 . Jr
H� 
South and 
Middle Basins 1 975 1 8 2 .  94
�h� 
South and 4 . 77�H� :Vliddle Basins 1 976 25 
�� S ignificant at the 0 . 05 level 
-;� -)�- Significant at the 0 . 01 lev
el 
v ersus south ba s in s  and th e middl e v ersus south ba s in s . 'Ih e  tests 
indi cated tha t th e higher hydraulic loading ra t e s  and initial 
s carifying of th e south ba s in produc ed the grea ter r emova l s  of 
ammonia-N and o rganic -N , and con s equently p roduc ed th e largest 
quantity o f  ni tra t e-N ( Table 1 and 2 ) . Mean c on c entra tion s th en 
can b e  us ed to in terpret the diff eren c es tha t  exi sted within 
the thr e e  ba s ins . 
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D:t ta produc ed by the pa ired t t e s t  may suggest an erron eous 
con clus ion in tha t o ther fa c tors may be r e spons ibl e for th e chemi cal 
chang es indica ted . For example, diff eren t  s o il type s  whi ch o c cur in 
th e floo d-plain area of th e pilo t uni ts could vary sub s tan tially 
betwe en ba s in s , and might account fo r th e diff eren t  effluent quality . 
Al so , infil tra tion ra tes o r  the amount of wa ter tha t move s  through the 
so il p er uni t  of time are lower in the south ba s in ( 1 8 , 1 9 ) . The 
r educ ed ra t e  o f  movemen t would result in gr ea ter conta c t  time b etween 
th e so il and wa ter ; th er efore, ammonia-N and o rgani c -N would b e  r emoved 
to a grea ter extent and incr ea s e  the amount of ni tra t e-N produc ed (9 ) . 
Cons equently, although the 1 tes t  r evealed tha t th e qual i ty  of effluent 
of th e south ba sin diff er ed from tha t of th e o th er ba s in s  for both 
ye.a.r s , the r ea son fo r the diff er en c e  ha s no t been es tabli shed . 
C o rr ela tion Ana lys i s  
Rela tiv ely low ammonia -N conc entration s in the influen t 
r e sulted in low con c entra tions in the effluent from the p ilo t 
unit . Alsa ker ( 1 7 )  sugge s ted that during p eriods when ammonia-N 
conc entrations were very low, su spended solids were 
comparatively high in the influent from the stabilization pond 
( Figure 1 1 ) .  Correlation methods (40 )  were the bas i s  for Alsaker ' s  
comparisons . The importance of this relationship i s  that 
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arnmonia-N i s  converted to organic-N in the form of algae and bacteria . 
Large particles such as  algae and bacteria would b e  s equestered 
a t  the surfac e  by filtration . The remaining r elatively low 
dis solved ammonia-N conc entration would be reduc ed by cation 
exchange or bacterial contact within the soil profile .  Therefore , 
with conversion of amrnonia-N to suspended organic-N,  effluent 
conc entrations of amrnonia-N would be at the lowest possible 
conc entration even with minimal soil contact . 
A plot of influent suspended solids and arnmonia-N for 1 976 
revealed a trend similar to that established in 1 975 for the 
June and S eptember through November periods (Figure 1 1  and 1 2) .  
Arnmonia-N conc entrations increased as suspended solids increa s ed in 
conc entration . The July through mid S eptember period, however ,  
indica tes tha t the susp ended solids and ammonia-N declined in 
conc entration for 1 976, while a decline was not evident in 1 975  
( Figure 1 1  and 1 2 ) .  The relationship suggested by Alsaker ( 1 7 )  
for 1 975 would no t be a s  evident in 1 976 & 
A corr elation coefficient of -0 . 65 was calculated by Alsaker ( 1 7 )  
to establish the quantitative relationship of suspended solids 
versus influen t ammonia-N . Table 3 indicates the correlation 
coeffici ents calculated for the two periods . The calculated 
!:. value for 1 975 agrees with that calcula ted by Alsaker ( 1 7 ) , 
but the 1 976 r value shows that no relationship exi sted . A 
� \(  
'/ 11 
60 
-·�� �;r 
8 H t -<  
m 
�; u b �)  
7-':' 3-6 
- o- Suspl'ndcd SoJ ids 
-6- J\rnrnon1 ;1 -fl I l . 1 ·or:r11 
. . . ~ 
9-J 1 0-7 
Tll1 E (WEEKS) 
1 1 -5 
' 
' ' 
' 
\ 
' 
' ' 
' 
1" i.L'Ut'O 1 1 .  lnl'lucnt ::iuopcndcd colidn and o.rnmonia ni troccn for 1975 
dO 
70 
([) 
50 
� hO 
� 
� 40 (-i 
� 
� u 8 JO u 
20 
1 0  
6-1 7-6 
-o-Suspencled Solid::; 
-6--Ammonb Ni troL:"'n 
8-J 9-1 
TIMF. (WEEKS ) 1 0-6 1 1 -3 
Figure 1 2. Influent susp0nde<l solids und ammonia ni trogen for 1 976 
+ ...... :....J 
pos sible explanation for not achi eving correlation in 1 976 may have 
Table 3 
Correla tion coefficients for influent 
ammonia nitrogen versus suspended solids , 1 975 and 1 976 
Year Condition Number of Calculated Tabular r 
samples r 5% 1% 
1975 NH3-N vs . S . S .  25 -0 . 63 0 . 388 0 . 496 
1 976 NH3 -N vs . S . S .  26 0 . 1 4  0 . 381 0 . 487 
been the di scharge of a biologically toxic waste  to the stabilization 
pond . Visual obs ervation indicated that as an unusual white  
wa stewa ter appeared at  the dis charge weir of  the stabilization pond 
in mid Augus t  of 1 976 , algae populations s eemed to d ecline . 
The importanc e of the ammonia-N concentration in the influent 
has been no ted in that bypas sing s eemed to affect the conc entration 
of effluent ammonia-N . Effluent ammonia-N concentra tions from the 
basins in 1 975  indicated a respons e to the influent ammonia-N 
( Figure 1 3 ) .  Figure 1 4  represents the 1 976 data and shows a similar 
respon s e  exc ep t  that the south basin effluent concentration remains 
relatively cons tant throughout the six-month period . The effluent 
responds by increasing or decreasillg in conc entration depending 
upon the influent amrnonia-N conc entration . 
Correlation co effici ents were calculated to d etermine if the 
effluent conc entra tions of ammonia-N would show a relationship to 
the influent arnmonia-N concentration ( Table 4) . The calculated .!:.. 
value shows a high degree of relationship for al
l basins during 
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both years exc ept the south effluent in 1 976 . 
From Table 4 it  would appear tha t there i s  little  relationship 
Table 4 
Correlation coefficient for influent 
v ersus effluent ammonia nitrogen,  1 975 and 1 976  
Year Condition Number of Calculat ed Tabular. ::f 
samples  r 5% 1% 
1 975  NH3-Ni vs . NH3-Nn 25 0 . 771 0 . 388 0 . 496 
1 975  NH3-Ni vs . NH3-Nm 25 0 . 826 0 . 388 0 . 496 
1 975  NH3-Ni vs . NH3-Ns 25 0 . 796 0 . 388 0 . 496 
1 976 NH3-Ni vs . NH3-Nn 26 0 . 899· 0 . 381 0 . 487 
1 976 NH3 -Ni vs . NH3-Nm 26 0 . 623 0 . 381 0 . 487 
1 976 NH3-Ni vs . NH3 -Ns 26 0 . 1 62 0 .
381 0 . /j37 
i--Influent s--South m--Middle n--North Effluent 
between the 1 976 influent and effluent of th e south bas in a t  the 1% and 
5% levels . The r elationship suggests a causitive effect and visual 
obs erva tions enhanc e  the results indicated by the calculated !:. values .  
Alga e ,  'S c enedesmus and Cholrella , were found in the effluent and 
influent of all ba s ins exc ep t  the south basin effluent in 1 976 . The 
sp eci es wer e obs erv ed throughout the 20 hours of sampl
ing on 
nu..merous sampling da t e s  in 1076 . Algae  of both species  were present 
a t  the beginning and end of the six-month period
.  The pres en c e  of 
algae  and the high po s i tive correlation sugg
est that bypassing of 
the influent to the underdra ins wa s preval
ent throughout the 
two-year p eriod in the middle and north 
basins and in the south 
ba sin during 1 97 5 .  Conv ers ely, bypa ssing wa s  n o t  eviden t  in the 
south ba s in effluent fo r 1 976 .  
Bypa s s ing o f  the influen t to the underdrains may r esult from 
c ra c ks in the soil profile . 1he cracks p ro duc e a d ir ec t  channel to 
the und erdrains allowing the influent to bypa s s  th e s o il . Th e  
r esulting effluent dir ectly r eflects the wa ter quality o f  th e 
influent and no t th e ch emi cal chang es brought about by the so il 
in a rap id inf iltra tion-percola tion ba sin . Th e s e obs erva tions would 
indi ca te tha t the pla c ement of underdra ins immedia tely und ern ea th 
th e ba s in s  may no t be an entir ely sati sfa c to ry method of r emoving 
th e exc e ss groundwa ter or predicting the eff ects of soil syst ems on 
effluent quality . Sp ecial care in drain pla c emen t  to prev ent 
bypa s s ing would pro bably improve the effluent quality . 
5 2  
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SUMMARY AND CONCLUS IONS 
Rapid infiltration-percolation, a s  a means of wa st ewater dispo sal, 
wa s us ed to control dis charge of pollutant s  from the Broo kings 
stabiliza ti on pond . Th e  purpo s e  of this study wa s  to follow changes 
in the nitrogen species induc ed by land applica tion . S econdary 
goals of d etermining th e effects of ba s in v egetative c ov er v ersus 
scarifi ed surfa c es and of different hydrauli c  loading rates were also 
investiga t ed .  
The ability of rapid infiltra tion-p ercola tion systems t o  convert 
ammonia -N to nitra te-N was demons tra ted throughout the two-year 
p eriod of s tudy. Th e mo st suc c essful ba s in in r emoving ammonia-N 
and produc ing ni tra te-N wa s th e south bas in .  The middl e and north 
bas ins did no t have the ability to remove ammonia -N nor produc e the 
quan titi es of ni tra te-N a t a ra te comparable to the south ba s in .  
Bypa s s ing o r  sho rt circuiting of the influent to the underdra ins may 
hav e  been r espon s ibl e for th e reduc ed r emovals of ammonia-N and for 
the reduc ed produc tion of ni tra te-N for the north and middle bas ins . 
Winter op era ting condi tions did not appear to r educ e the ability 
of ba cteria to convert amrnonia-N into ni trate-N . Air temp era tures of 
-24° c and influen t temp era tures of 1 . 1 °c  were exp eri enc ed during 
Dec ember of 1 975 ;  n everth el es s ,  nitrate-N production in exc e s s  of 
eight rng/l was mainta in ed for all ba sins . 
Removal of ammonia -N by the soil system o c curred wi thin the upper 
t en c en timeters of the soil profil e. Ca tion exch
ange
_
by organic and 
clay mi c ell es seems to be the maj or removal m
echani sm for amrnonia -N . 
Oxidation of ammonia-N to nitrate-N occurred concomitant with the 
r emoval process and would provide for recharge of the cation exchange 
sites during the. same application period. 
Statistically, the higher hydraulic loading rate and the 
scarified surface of the south basin were found to improve ammonia-N 
and organic-N removals while promoting increa sed nitrate-N . 
production. Variables other than loading rate and scarified surface 
may have produced the removal of ammonia-N and subs equ ent production 
of nitrate-N. Soil composition, for example, may have more of an 
effect in the removal process than loading rates or scarified 
surfaces. 
Total nitrogen discharged from the pilot unit may be affected by 
winter storage of amrnonia-N or organic-N. As t emperatures:. �ncreased 
in late spring , environmental conditions promote increased bacterial 
growth and, consequently, incr eased oxidation of ammonia-N stored 
from the winter period. During the late spring and summer months, 
the north and south basins discharged more total nitrogen than 
was applied while the total nitrogen from the middle basin either 
remained the same as, or was lower than, the applied total nitrogen. 
The ability of the middle basin to reduce the nitrogen discharged is 
an indication that a vegetative surface may provide some uniformity 
in the amount of total nitrogen discharged throughout the year. 
The two-year investigation into the transformation of ammonia-N 
to nitrate-N indicates that the rapid infiltration-percolation 
method is successful in removing ammonia-N while producing relatively 
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la rge quantities of nitra te-N . The toxic eff ec t s  of arnmon ia -N are 
remov ed by the conver s ion pro c es s  to ni tra te-N ; however , introduc tion 
of ni tra te-N to the aquif er may caus e problems wi th c ontamina tion of 
drinking wa ter sourc es . Further inves tigations are n eed ed to 
indi ca te if ni trate-N may b e  r educ ed to a c c ep tabl e  l ev el s  by altering 
th e appli ca tion ra tes or by adding a carbon sourc e to promo t e  
d eni trifi ca tion . 
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R:EX;OMMENDATIONS 
Ba s ed on the op era tion of the pilot unit during 1 975 through 
1 976 the following r ecommenda tions should b e  cons i d er ed a s  the 
inv es tiga ti on continues . 
1 .  If short circui ting or bypa s s in g  of th e influ�nt c on tinues 
to b e  evident, und erdra ins should be ins tall ed in exc es s  of 
76 c entimeter s ,  pref erably as deep as p o s s ible . The gr ea t er 
d ep th would in crea s e  the soil-wa t er conta c t  and improve the 
po s s ibili ty of r emoving mor e  amrnonia -N . Ano ther solution 
would b e  to install underdra ins around the outside of the 
pilot unit wi thout interrupting the so il within the ba s ins . 
2 . Surfa c e  v egeta tion should be establi sh ed . a s s o on a s  po s s ible . 
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N e c e s sary r epa irs and renova tions to the ba s in surfac e  should 
be made a s  soon as weath er condi tions p ermi t to allow for 
unin terrup t ed d ev elopment of v egeta tion pri o r  to wa s t ewa t er 
appli ca tion . 
J .  D en i trif ica tion should be utiliz ed a s  a method to con�rol 
n i tra te-N dis charging to the aquif er . Carbon sourc es such 
a s  trea tmen t  plant effluen t or sludge may b e  us ed to 
increa s e  deni trifica tion . 
4. Befor e  general us e o f  rapid infiltra tion -p erco la tion 
systems b ecome preval en t, nitrate-N dis cha rg
ed to th e  
aquif er mus t  b e  r educ ed to a c c eptabl e l e
vel s b efore th e autho r 
would r ecommend i ts us e a s  an a c c e
p table tr ea tmen t  metho d . 
1 • 
2 . 
3 . 
4 .  
5 .  
6 . 
7 .  
8 . 
9 . 
1 0 .  
1 1  • 
1 2. 
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From : Soil Survey of Brookings County, South Dako ta ,  S eries 1 955 , 
No . 3 , I s su ed January, 1 959 , U. S .  Department of Agri culture 
Soil Cons ervation S ervice, in cooperation with th e South 
Dako ta  Agricultural Experiment S ta  ti on (p .  26 ) • 
Lamoure s eri es 
The I.amoure soil in Brookings County is a somewhat poorly dra in ed 
Cherno z em-Humic Gley intergrade tha t ha s developed under ta ll  gra s s es 
in 42 in ches or mor e of medium-textured alluvium, whi ch is underlain by 
mixed sand and gravel .  I t  occurs on level and n early level broad bottom 
lands and in shallow, narrow, dendritic drains that extend far ba ck into 
the uplands . 
The Lamoure soils hav e an A1 horizon of black, friable , s trongly 
calcareous silt loam or silty clay loam. 'Ihe A1 horizon grades into a 
B2g hori z on of black to very dark gray, moderate to strongly calcareous 
silty clay loam that is of weak to moderate prismati c and blo cky 
structure . The B2g horizon overlies a very dark gray to gray, weakly 
ca lcareous Cg horizon tha t grades into a Dg ho rizon of mixed sand and 
grav el . Lamoure silty clay loam, nearly level ,  is the only Lamoure 
soil mapped in Brooking s County . 
Thi s I.amoure so il is in fa irly clo s e  a s so c ia tion with the Solomon, 
Volga , and Rauville so ils . 
1'1any ar eas of Lamour e silty clay loam, nearly level ,  are us ed for 
corn and small gra ins , but many ar eas are in gra s s  and used for pa sture 
or hay. The follow:ing i s  a profile description of Lamoure silty clay 
loam : 
� o  
c 
0 to 1 :inch, very dark gray ( 1 0YR 3/1 , dry) to black 
( 1 Y 2/0 . 5 , moist) , friable, strongly calcareous silty 
clay loam on the silt loam boundary;  weak fine  granular 
structure . 
1 to 7 :inches ,  very dark gray ( 1 0YR 3/1 , dry) to black . 
( 1 Y 2/0 . 5 , moist) , strongly calcareous silt . loam; lime 
s egregations are common ; strong fine granular structure. 
7 to 1 6  inches ,  dark gray ( 2 . 5Y 4/1 , dry) to black 
( 1 Y 2/0 . 5 , moist) , w�kly calcareous silt loam with a 
few s egregations  of lime ; weak coars e  prismatic  
structure that breaks to strong medium blocky. 
1 6  to 33 inches , dark gray (4. 5/0 , dry) to very dark 
gray (3 . 5/0 , moist) , moderately calcareous silty clay 
loam; moderate medium blocky structure .  
3 3  to 48 inches , dark gray ( 5Y 4. 5/1 , dry) to very 
dark gray ( 2 . 5Y 3/1 , moist) , weakly calcareous silty 
clay loam; ma ssive structure.  
!j3 to 60 inches , gray (5Y 6/1 , dry) to  gray ( 5Y 5/1 , 
moist) , noncalcareous silt loam that i s  mor e  sandy 
with :increased depth ; ma ssive structure . 
Location of profile : Sec . 21 , T.  1 1 0  N . , R .  49 W. ; 0 . 35 mile E. 
of SW. corner, 75 feet N .  of fence  and 50 feet W. of creek break. 
Lamoure silty clay loam, nearly level (0 to 2 percent slopes ) 
(La ; subgroup 8B ) . This soil is  in soil area 1 0 .  It occurs on 
62 
somewhat higher and less concave alluvial position s  than the as sociated 
poorly drained finer textured Solomon clay , n early level ,  and is some­
wha t more suitable for cultivation . 'Ihe a ssocia ted Volga soils differ 
fr.om this so il primarily in being less than 42 inches deep to the 
nonconforming substratum. The associated Rauville soils differ in 
being poorly drained Humic Gleys . 
I 
Dt �n 
N l l3-N 
6-1 1 1 1  • •  60 
6-1 3 1 1 .  75 
G-25 3 1 . 70 
'1 -2 9 , 05 
7 ..f:J  6 . 90 
7 -1 6 4 . 60 
7-23 3 . 90 
7-JO 1 . ')0 
3-G 3 . '25 
8 -1 3 1 . 35 
8-20 - -
8-27 2 . 31 
')-J 3 . ')'j 
') -') 1 .  21 
9-1 6 2 . 03 
9-�3 0 .:�1. 
9-30 7 , 62 
1 0-7 8 . 8:� 
1 0-1 4  1 3 .  1;1 
1 ·J-21 1 6 . 63 
1 0-2:3 2) . 1 0  
1 1 -5 6 . 28 
1 1 -1 1 1 .', . 2.0 
1 1 -1::3  -
1 1 -25 -
1 .�-2 21. 50 
1 2-9 20 . 60 
1 �-1 G ?.:, . 50 
M�.an · 1 0 . 48 
APPENDIX 13 
Tes t  resul ts on :iJ1 flucnt and effluent compo dtcd samples obta ined duri n13 the period of ntudy from 
Jw1c 1 1  to Ducrnnlwr 1 6 , 1 975 , from the i nfiltration-porcola. tion pilo t un i t  a. t  f3rookin13s, S .  11:.tk.  
INFLUFNT NORTll BAS IN MJ DDLE BAS IN S'J !J'J'l f l lA S rn  
0-� TKN N03-N TOTAL-N 
---- 1 3 . 75  0 . 55 1 4, 30 
4 , 70 1 6 . 45 0 . 29 1 6 . 74 
2 . 43 %. 1 3  0 . 30 36. 42 
2 . 95 1 2. 00 1 . 1 3  1 3 . 1 3  
1 . 60 8 . 50 0 .8 2  9 . 32 
2. 70 7 . 30 1 . 45 8 . 75 
1 . 90 5 . 80 1 . 36 7 . 1 6  
3 . 00 l, . ')0 1 . �0 6. '10 
3 .80 7 . 05 0 . 95 8 . 00 
5 . 1 5  6 . 50 0 . 20 6.70 
-- ---- - ----
8 . 89 1 1 . 20 1 . 04 1 2. 21+ 
'.) . (;'.) 9 . Go 1 . 75 1 1 . 35 
5 .'.Jl) G. ::30 1 . 37 ti . 1  '/ 
5 . 97 8 . 00 1 .  25 ' 9 . 25 
9 . 01 9 . 85 1 . 1 3  1 0.98 
4. � 1 1 . 90 1 . 50 1 2. 95 
3 . 1 2  1;'. . 00 1 . 1 0  1 3 . 1 0  
1 .. 1 J  1/1 . Go  1 3 . JO 2'/ , 1)0 
1 . 1 5 1 · 1 . 83 0 . 98 1 3 . 81 
J . 11.  1t L 20 1 . 1 0  1 9 . JO 
1 1 . 62 1 7 . 89 1 . 1 6  1 9 . 05 
(, , '.'.O : �o .  1,0 1 . 00 :1 1 . /,0 
- · - -·--- -- - ----
- ---- ---- -----
- ---- 0 . 06 --
-- --- 0 . 04 --
-- ----- 0 . 02 ----
J . 80 1 1 . 20 1 . 05 1 4 . 09 
NHrN 
o-w-1. 
1 0 . 60  ----
6 . 20 1 . 42 
9 . 1 0  3 . 1 3  
4 . 35 1 .75 
4. 1 5  0 .80 
2 . 90 1 45 
2 . 60 0 . 48 
1 .  54 0 .86 
1 . 27 1 . 01 
o .85 0 .85 
---- -·---
0 . '17 1 . 01 
0 . 1 1. 1 . �G 
0 . 32 1 . 51  
0 . 1.J 2. 61+ 
0 . 55 1 . 71 
1 . 07 1 . 29 
0 . 89 1 . 76 
1 . 69 1 . 20 
4. 1 4  1 . 68 
4 .38 0 . 03 
2 . 71 2.66 
. ,  , . ..., 1 •• ') 1 . 2. G:·� 
--···- -·--
- --- ----
7 . 20 ---
8 . JO ----
1 1 .  :.?.5 ----
.3 . 59 1 . 40 
TKN N03-N TO TAL-N 
9 . 70 1 8 . 20 
7 . 62 1 3 , 30 
1 2. 23 9 , 50 
6 . 1 0  1 3 . 00 
4, 95 9 . 1 0  
4, 35 1 ) . 90 
3 . 08 1 5 .80 
2 . 40 1 J . GO 
2 . 28 5 , 90 
1 . 70 7 . 00 
- ----
1 . 58 2. 90 
1 .  1,0 !� . :'.O 
1 .83 2. 93 
3 . 03 2 . 50 
2 . 26 2. 63 
2. 36 2. 85 
2. 65 5 . 1,G 
2.8'-) 1 0 . 00 
5 .8 2 1 . 00 
4. 41 1 0. 00 
5 , 36 9, 25 
s . : �o 1 :1 . (;o 
---- -----
--- -----
--- 8 .70 
---- 8 . 00 
-·- - 8 . '70 
.3. 03 8 . 70 
27 . 90 
20 . 92 
21 . 73 
1 9 . 1 0 
1 1  • •  05 
1 9 . 45 
1 8 . 88 
1 (, , oo 
8 . 1 8  
8 . 70 
---
4, 48 
5 , (,()  
4 . '/G 
5 , 53 
4 ,;i9 
5 . 21 
8 . 1 1 
1 2 .89 
6. 8 2  
1 1+. 41 
1 1  •• 61 
:�1, .• 1 0  
----
-----
-----
1 .3 . 01 
NllrN 0-Jfl TKN NOrN TOTAL-N NllrN 0-!fl 'i'KH NOrN 'JD l'AL-IJ 
9 . 6.3 o . 67 1 0 . 30 1 1 . 90 22. 20 8 . 1 8 ---- 5 , 95 25 . 50 31 . 45 
5 . 1 1) 3 . 50 8 . Go 1 ) . 30 21 . 90 3 , 65 1 . 68 5 , 33 1 4. 30 1 9 . 63 
7 . 20 0 . 1 7 7 , 37 1 5 . 50 2.,· .87 4 , 75  o .% 5 .  71 1 CJ . 00 21, . "11 
2 . 70 2 . 1 5 4, 85  9 . 00 1 J . 85 2. 1)0 1 . 70 3 . '70 1 '.' . 20 20 . 90 
2 . 33 0 . 87 3 , 25 5 . 60 8 .85 1 . 93 0 . 72 2 . 65 1 3 . 40 1 6. 05 
2 • . 15 O . Li8 2. 83 6 . 50 9 , 33 1 . 82 O . ) {i 2 . 38 1 7 . 90 2U . 23 
1 . 27 0 . 74 2 . 01 6. oo 8 . 01 1 . 1Y) 0 .7 ') 1 . 34 1 3 . /,0 1 5 .  ;>!, 
0 .71  1 . 01  1 . 72  6.80 8 . 5 2 0 . 1,1. o . : � '..) 1 .  ?.<) 1 3 . '/U 1 /1 , ')') 
0 . 5 2 1 . 09 1 . 61 4, 90 6 . 51 0 . 32 1 . 07 1 • .39 7 . 50 8 . 8') 
0 . 29 1 . 1 (J 1 . 45 4 . 20 5 . 65 0 . 1 9 1 . 1 5  1 . .34 6 . 4D 7 . 74 
-·- -- ---- --·-- ---·- ---- - --- ---- ---- --- -
0 . 35 1 . 40 1 . 75 2 . 8 3  /, , 58 0 . 1 1. 1 . 1 0 1 . 24 4 . 1 0 5 . 31. 
0 . 39 1 . :�1. 1 . (1J 3 . ;rn 5 . 1,3 0 . ') I, 1 . 01. 1 • ')"\ J. �'.'.) ;. . P. J 
O. JU 1 . 53  1 . 83 3 . 92 5 . '/5 0 . 1 ')  1 ') ' ) 1 .  31 J . 27 4 . 5:� • '- '-
0 . 30 3 . 1 9  3 , 49 3 . 40 6. 89 0 . 1 0  1 . 72 1 . 13 2  3 . 5 5 5 • .3'7 
1 . 1 3  2 . ·1 2  3 .  ?.5 3 , 25 6 . 50 o .  31 1 . ) 'J 1 .84 3 , 73 5 . 5? 
2 . 25 2. 5 2  4, 77 2 . 8 5 7 . 62 0 . 76 1 . 32 2 . 08 4 , 40 6. 1,B 
2. G.3 1 . H1 I,. li/,. 1 •• 1 1  8 . 55 0 . :1 3 1 . K � :-i . G5 (,, (,o ') ,,,. . ' ) 
1 • 'IL. J . ;�;. ;. .. •)8 9. JO 1 I+ • 28 1 . '!') --- 1 . 1 4 9 . �:o 1 J . J/, 
6. 78 1 . 1 2 7 . 90 1 . 50 9 , 40 Ito 26 0 . 61 l+. 87 3 . 1 0 7 . 97 
6. 96 o . oo 6.CJO 1 1 . 93 1 8 . 83 4 . 50 ---- 3 , 93 1 5 . L,5 n . J� 
J . 68 4. 58 8 . �5 1 1 . 70 1 9 . 95 2 . 90 2 . 04 1 • •  93 1 6. 5 2  21 . 45 
'i . 0 1, ] ,;.\(, i \ , ')() 1 1 • : � ( ) :•0 :10 : • . :· l ( )  rl ' l ' l  � . oo 1 :-L 1 1J : • J . 1 0  , . , . .  
7. '/0 ---- ---- 1 1 . 50 ---- L,. 80 --- -- 1 3. '10 
G . 35 ---- --- 1 2. 1 0  ---- 1 .. . % ---- ---- 1 0 . Go  
1,. Go ---- -· .. -- 1 G. 1 0  ----- I, . f)<) -··-- ---- 1 3 . J<; 
3 . 29 ·1 . 32 3 , 49 6. 50 1 1 . 65 2. JO L 1 5  2. os 1 1. 40 1 3 . 80 
n .  Orgnnic n i  trogcn i s  a calculn ted value equal to the TKN - NIIrN.  
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APPUIOJX C 
TeGl rl'�u l tn on inf'lurnt nn•l cl flum l compo n i tc-1 r-'\mplc� obu dncd durlnc the period of � turly from 
Apl'i  l /, lo llovcmhc-r 22, 1976, from thC' inl'lHm 1.ion-prrcob tlon pilot un i t  at Brookings, S, Dik.  
I 
f)1 • (' Tn� l lu ' I t  tl1)l't.h r ... � l n  Mlddle lhnln South llMin 
rp:  t-' I 0 -'/ · ' / f ; I  ' I �  -rJ ' IQ ! !If  .-Fl fill 1-ll IJ-/fl ·1 r.N llOrll 'IQ IA l ,-tl ""r" 0-ti:• '1 Kii tlOJ-11 'IOTAL-11 tl!IJ-11 0-lfl 'J'K/I '1103-N TOTAL-N 
I.-'}' 1 • , , I t� ' 1 . '/ ';t_ :-i 1 ; J n  0 . ;'.', :".� .0/1 1 .. 10 J . :'O 7 , 50 ;> , '/I) '· . l �() • . . c�J J . t,o � ll . t.n  1 . J'J '),'/O 2 . :>4 1 . % /. , :'.()  1 . 86 6 . 06 
'"·-�·(, ( , ." � J . 11 0 ').f'O 0. 1 .:� 1 1 1 , \ll, 1 . ::'I 1 . �) ;> . 5;> l'J.C.O :i:i . 1 2  ll.7) 1 . 1.·1 :> , ?O l 'J . 50 21 . 70 0 . )5 1 . ')2 1 . )7 25 . 00  26.)7 
r.-1  < 1 .nq ), \0 1 :· . :\I) " . � J I 1 .· . '7 �. :!o 1 . ::2 /, .Oc 1 '.i . 10 l'J. 1 :>  1 . Ci/ 1 .  '.)0 J. 1 '/ 1 1 . 50 1 1, . 6'1 0 . 1,B O .')!l 1 . 1/> 11, . 6o  1 (, , 06 
(,_ ;  1 l l , ')('l (. , )() 1 '/ , ;'ll r) , ;·1 l ' / . l;/ :' . J(; �.')4 5 . J:J 1 ::!.flO 1 1 . 10 1 . 2) :>. 46 ) . (,') 1 1 . 20 1 6 . 50 o .  )$ 1 . 27 1.<>5 1 4; 20  1 5 . 11 5  
6-1 5 1 l . r.5 ) , ')5 1 /, . (�J 0 . -:.1. 1 1  . . 11, 1 .  �,·) 1 . (,1 ) , JO 1 2,flO 1 (, ,  10 0.74 1 . 61 2. 35 8 . 80 1 1 . 1 5  0 . )1 1 .09 1 . 40 1 7 . 90 1 9 . )0 (.-;'2 1 :i.'/J  5 . ?. I 'l ;\ ,70 0.1 \ w .·1r1 2 . 1!1 1 . ll6 ) . 24 1 0 . l-0 1 ).�4 1 . 6<3 1 . 1 2  2 . 80 7.90 1 0 .70 0 . 1.4  0.75 1 . 1 9  1 9. 50 20.60 
(,-;:") 1 5 . ';0 ). JO 1 :-\ , <\0 n . :-i2 1 ') . l):l 2. 5f! 1 . 27 J . es f! . 6o  1 2 . 1,5 1 . 72 1 . 26 2 . ')8 ? . BO 1 0 . 78 0. )1, 0 . 92 · 1 . 26 1 4 . 40 1 5 . 66 
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23 
24 
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27 
28 
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APPENDIX D 
Daily influent tempera tures from 
Novemb er 21 , 1 975 to Dec emb er 1 6, 1 975 
Temp era ture Date 
c 
o . 6 D ec . 1 
o . 6 2 
o . 6  J 
o . 6  4 
o . 6 5 
o . 6 6 
o . 6  7 
o . 6 8 
o . 6  9 
o . 6 1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6 
o . 6 
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Temp era ture 
c 
0 . 6  
0 . 6 
1 . 1 
1 . 7 
1 . 1  
1 • 1 
1 . 1  
1 . 1  
1 . 1 
1 .  7 
2 . 2 
1 . 1 
1 • 1 
1 . 1 
1 . 1 
1 . 1 
1 . 1 
-
Da t e  
Dec . 
Mean 
APPENDIX E 
Daily maximum and minimum a ir 
tempera tures from Dec ember 1 -1 6, 1 975 
:Ms.ximum 
c 
1 -1 1 .  7 
2 -6 .7  
3 -5 . 0 
4 -1 . 1  
5 5 . 0  
6 1 . 7 
7 -6. 7  
8 -2. 2  
9 3 . 3  
1 0  o . o 
1 1  o . o  
1 2  -5 . 5 
1 3  o . o  
1 4  o . 6 
1 5  -1 6 . 7  
1 6 -6 . 1  
-3 . 6  
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Min imum 
c 
-21 . 1  
-1 6 . 1 
-1 1 .  7 
-7 . 8  
-6. 7 
-1 8 . J 
-1 4. 4 
-1 1 .  7 
-7 . 8  
-6 . 1  
-S . 3  
-8 . 3  
-6 . 7 
-1 8 . 3  
-24 . 4  
-21 . 7 
-1 3 . 0  
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APPE:DIX F 
R...,sults of analyses of suction lysimeter 
samples collected - four riepths 
infilt::-ation land treatment of s tabilization pond effluent 
S :mtn D9. ko ta  S tate University, Brookings, South rhkota 1 976 . 
Ibrth fu sin 8-3 8-1 0 8-1 7 8-21. 9-1 9-8 
D1;pth-:!m 
3 l'IHril 'J .29 0 . 26 0 . 59 o . oo 0 . 1 4 0 . 1 5  
0-1. 1 . 58 1 . 58 
TKN 1 . 72 1 . 73 
NOrN 32. 40 1 6. 70 8 . 30 9 . 80 1 0 .80 1 1 . 70 
1 J  N!i".1-�i 0 . 72 0 , 44 o. 67 0 , 43 0 . 3 9  o . ?:7 
o-f.i 2. 31,. 2. 05 TKN 2. 73 2 • .32 
rr�-N 7 . 20 3 , 50 1 . 80 7. 00 8 . 40 7 . 40 
30 ;; 3-;� 0. 85 0 , 47 0. 43 0 . 08 0 . 93 0 . 1 7 
0-!� 3 . 99 1 . 84 
TKN 4. 92 2 . 01 
NOJ-N' 5 . 60 J . 20 4.80 4. 40 7. 70 7 . 50 
1 00 Nitr1� 
0.82 0 .88 1 . 92 0 . 97 1 . 07 0 .88 
o- 1 . 53 1 . 23 
TKN 2. 60 2 . 1 1  
NOrl! 0. 36 1 . 1 2  o . 69 0 . 51 1 . 21 1 . 00 
1".iddle Basin 
Depth-cm 
3 m·r � r 0 . 90 o .81 0 . 76 0 . 21 0 .86 0 . 61 
0- · 1 . 53 1 . 73 
TKN 2. 44 2. 34 
M03-.1l 7, 40 1 0. 70 7. 70 4, 40 4. 30 4. 90 
1 0 NHrII 0 . 87 0. 58 0. 44 0, 33 0 . 38 0 • .33 
0-1 1 .  75 1 . 96 
TKH 2 . 1 3  2. 34 
N�-N 32 . 00 33 . 00 37. 90 41 . 90 33 . 40 31 . 1 0  
30 lT rH o . 63 0. 39 0. 1 4 0. 38 0 . 36 
0-1i 1 . 54 1 . 67 
TKN 1 . 92 2. 03 
�rorN 2. 60 2. 60 1 . 80 3 . 60 2 . 90 
1 00 r:Hrii 0 . 34 0 . 53 0 . 47 0. 27 0 . 44 0 , 33 
0- l 0 .8 2  1 . 51 TKU 1 . 26 1 . 84 
N03-N 1 . 48 1 . 50 2. 60 3 . 20 4. 20 2 . 70 
S outh Ba.sin 
Depth-cm 
3 NH3-N 1 . 5 1  1 . 23 0 . 62 0 . 77 0. 39 0 . 3 4  
o-n 1 . 38 1 . 96 
TIGJ 1 . 77 2. 30 
N03-1'1 0 . 3 3  1 . 46 1 . 28  0 . 91 3 . 20 2. 1 2 
1 0 rrn;,-u 2. 45 2. 68 1 . 05 1 . 06 0 . 84 0 . 4.8 
0-1'1 1 . 60 2. 06 
TKU 2. 44 2. 54 
�m,-H o . oo 0 . 65 0 . 94 0 . 76 0 , 94 1 . 82 
JO m-r;-n 0. 88 1 .  51+ o . 96 0 . 73 0 . 72 0. 42 
o-rr 'J . 67 1 . 66 
TEm 1 . 39 2. 08 
lIOrii 0. 23 0 . 56 0 . 59 0 . 41 1 . 54 1 . 76 
1 00 
}fr{
ri
f 1 . 95 2. 88 2. 53 2 . 1 7 2. 1 6  1 . 07 
o- r 0 . 03 1 . 76 
r::; 2 . 1 9  2. 83 
IJOril 0 . 25 0. 23 0. 1 7 0. 25 o . 67 0. 92 
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APPENDIX F ( con tinued ) 
Results of analys es of suction lysimeter 
sa:nples collecte::i - four depths 
infiltration land trentment of stabilization oond effluent 
South fukota. S ta te University, Brookings , South JE.ko ta  1 976. 
North Ba.sin 9-1 5 9-22 9-29 1 0-6 1 0-1 .3 Moon 
Depth-cm 
3 NHrN 0 . 1 2 0 . 24 0 . 1 3  0 . 36 o. '23 0 . 23 o- 1 . 37 1 . 30 1 . 53 1 . 45 1 . 41 1 . 46 TKH 1 . 49 1 . 5 4  1 . 66 1 . s1 1 . 64 1 . 66 
J03-N 6. 70 4. 50 4. 46 4. 20 6 . 60 1 0 . 55 
1 0  �-N 0 . 42 0 . 32 0 . 32 O . JS 0 . 78 0 . 47 
0 � 1 . '>7 1 . 22 1 . 50 1 . 46 1 . 34 1 . 64 TKN 1 . 99 1 . 54 1 . 82 1 . 84 2 . 1 2  2. 05 
NOrN 5 . 20 5 . 00 3 . 50 4. 1 0  4. 50 5 . 24 
3 0  NHrN 0 . 1 8  0 . 28 0 . 48  0 . 37 0 . 28 0 . 41 
o- � 1 . 52 1 . 59 2. 25 1 . 81 1 . 36 2 . 05 TKN 1 . 70 1 . 87 2 . 73 2. 1 3  1 . 64 2 . 44 
NOrN 3 . 90 2 . 60  3 . 1 0  2.9 5 3 . 6o 4. 49 
1 00 N""rl3-N 0 . 1 4  0 . 27 0 . 1 7  0 . 1 8  0 . 1 6  o . 67 
0-N 1 .  51 1 . 46 1 . 24 1 . 1 7  1 . 27 1 . 34 TKN 1 . 65 1 . 73 1 . 41 1 . 35 1 . 43 1 .75 
N03-N 1 .  71 1 . 68 1 . 87 2. 1 3  2 . 48 1 . 34 
Middle Ba. s in 
Depth-cm 
3 NHrN 0 .88 0 � 94 1 . 21 1 . 28 1 . 05 o . 86 
o- 1 . 22 1 . 01 1 . 1 8  1 . 39 1 . 1 8  1 . 33 TKN 2 . 1 0 1 . 95 2. 39 2. 67 2. 23 2 . 30 NOrN 2. 50 1 . 20 5 . 60  4 . 85 5 . 70 5 . 39 
1 0  i\'F.3-N 0 . 56 0 . 49 0 . 36 0 . 35 0 . 62 0 . 49 
0-N 1 . 36 1 . 25 1 . 49 1 . 38 1 . 36 1 . 51 TKN 1 . 92 1 . 74 1 . 85 1 . 73 1 . 98 1 . 96 N�-N 1 3 . 30 1 3 . 40 1 5 . 00 1 5 . 05 1 1 . 90 25 .72 
30 N" 3-N 0 . 1 9 0 . 79 0 . 38 0 . 53 0 . 48 0 . 43 0-N 2. 58 1 . 03 1 . 62 1 . 73 1 . 1 4  1 . 62 TKN 2. 77 1 .82 2 . 00 2 . 26 1 . 62 2 . 06 
NO;-N 1 .90 1 . 20 5 . 00 3 . 1 0  4. 60  2 . 93 
1 00 N:-f;-N 0 . 48 1 .  51 0 . 51 0 . 61 0 . 92 0 . 58 
0-N 1 . 43 o . 96 1 . 1 5 0. 86 1 . 20 1 . 1 4  TKN 1 .89 2. 47 1 . 66 1 . 47 2 . 1 2  1 . 82 
NOrN 2 . 90 1 . $0 3 . 60  3 . 25 4. 00 2 . 84 
South Ba.sin 
Depth-cm 
3 NHrN 0 . 48 0 . 42 o . 64 0 . 45 0 . 31 0 . 65 
0-1{ 1 . 62 1 . Z7 1 . 28 1 . 44 1 . 60 1 .  51 
TKN 2 . 1 0  1 . 69 1 .92 1 . 89 1 . 91 1 . 94 
N03 -N 2. 1 5  2. 44 1 . 82 2. 96 1 . 97 1 . 88 
1 0  NH;-N 0 . 25 0 . 24 0 . 50 0 . 21 0 . 23 0 . 91 
0-N 1 . 39 1 . 38 1 . 30 1 . 26 1 . 55 1 .  51  
TKN 1 . 64 1 . 62 1 . 80 1 . 47 1 . 78 1 . 90 
NOJ-N 1 . 80 1 . 88 o . 68 2. 87 7 . 88 1 . 89 
JO NH3-N o . 63 0 . 38 0 . 93 o . 60 o . ss 0 . 79 
0-N o . 69 1 . 1 8 0. 87 1 .  25 1 . 32 1 . 09 
TKN 1 . 32 1 . 56 1 . 80 1 . 85 2. 20 1 . 74 
NO
,
rN 1 . 1 2  2. 03 2. 23 2. 88 2 . 39 1 . 38 
1 00 NH3 -i ! 0 . 70 0 . 50 0 . 43 0 . 50 0 . 31 1 . 38 
0-N 0 .88 1 . 05 1 .  23 1 . 70 1 .  '36 1 . 1 4  
TKN 1 . 53 1 . 55 1 . 66 2. 20 1 . 67 1 . 95 
N03 -H 1 . 34 1 . 87 ·1.84 2. 00 1 . 59 1 . 01 
